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Summary
Objective: To develop a radiographic atlas for the classiﬁcation of osteoarthritis (OA) in commonly affected joints of the foot based on obser-
vations of osteophytes and joint space narrowing, and to assess its intra- and inter-examiner reliability.
Design: Weightbearing dorso-plantar and lateral foot radiographs from people aged over 65 years were examined, and an atlas was devel-
oped incorporating characteristic OA features of ﬁve foot joints: the ﬁrst metatarsophalangeal joint, the ﬁrst cuneo-metatarsal joint (1st CMJ),
the second cuneo-metatarsal (2nd CMJ), the navicular-ﬁrst cuneiform joint and the talonavicular joint. To assess the reliability of the atlas, two
examiners independently rated 50 radiographs on two separate occasions.
Results: Observations using the atlas demonstrated moderate to excellent reliability within examiners (percentage agreement from 86 to 99%
and weighted k from 0.45 to 0.95), and, with the exception of joint space narrowing of the 2nd CMJ from the lateral projection, fair to excellent
reliability between examiners (percentage agreement from 86 to 97% and weighted k from 0.32 to 0.87). Intra-class correlation coefﬁcients for
the overall foot OA score (representing the sum of observations for all joints from both feet) ranged between 0.83 and 0.89 for intra-examiner
comparisons, and between 0.72 and 0.74 for inter-examiner comparisons.
Conclusion: Radiographic features of OA in commonly affected foot joints can be documented with high levels of agreement within examiners
and moderate levels of agreement between examiners. Provided single examiners or consensus gradings are used, the atlas appears to be
a useful tool to assist in the standardization of foot OA assessment for epidemiological and clinical studies.
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SocietyIntroduction
Osteoarthritis (OA) is the most common form of arthritis and
is the leading cause of disability in developed countries1.
OA can be deﬁned by joint symptoms, radiographic
changes, or a combination of the two. If radiographic criteria
are to be used to deﬁne OA, it is essential that standardized
approaches be applied2,3. In 1957, Kellgren and Lawrence4
described a generic method of grading the radiographic fea-
tures of OA, and an accompanying atlas was published in
19635. Although widely adopted, this grading system has
been criticized for placing too much emphasis on the
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Received 4 March 2007; revision accepted 1 May 2007.13presence of osteophytes to classify a joint as osteoarthritic6.
Furthermore, there have been several inconsistencies in
the interpretation of the grading descriptors which have re-
sulted in large inter-observer scoring variations, making
comparisons between studies somewhat problematic7.
In response to these limitations, several alternative
grading systems with accompanying atlases have been de-
veloped for the hand, hip and knee8e11. The major advan-
tage of these scales is they take into account the different
manifestations of OA for speciﬁc regions of the body. For
example, the Kallman hand OA scale8 considers the degree
of lateral deformity and cortical collapse in the carpal joints,
and the Spector knee OA scale10 considers the degree of
involvement of the tibio-femoral and patello-femoral joints
independently. The inclusion of region-speciﬁc radiographic
features of OA avoids many of the problems associated
with generic tools such as the Kellgren and Lawrence
scale4.
A notable absence in the existing literature pertaining to
radiographic assessment of OA is a scale for grading the
joints of the foot. While several clinical classiﬁcation systems33
1334 H. B. Menz et al.: Foot osteoarthritis atlashave been proposed to grade the severity of hallux rigidus (a
condition characterized by limited motion and degeneration
of the ﬁrst metatarsophalangeal joint (1st MPJ))12e14, epide-
miological studies have either not included the foot, or have
simply applied the Kellgren and Lawrence scale to a limited
selection of foot joints as their deﬁnition of foot OA15,16. Sub-
sequently, despite foot pain being highly prevalent in older
people17,18, very little is known about the prevalence, corre-
lates and functional consequences of OA affecting the joints
of the foot.
The aims of the present study were therefore to (1) de-
velop a radiographic classiﬁcation system for OA affecting
the joints of the foot based on a standard atlas of character-
istic features, and (2) evaluate the intra- and inter-examiner
reliability of observations using the new atlas.
Methods
DEVELOPMENT OF THE ATLAS
Weightbearing dorso-plantar and lateral radiographic
projections were obtained from the medical records of pa-
tients attending a university health sciences clinic, and
from a sample of 212 people aged 65 years and over tak-
ing part in a larger study of the effect of OA on balance
and falls. The exclusion criteria for this study were a his-
tory of Parkinson’s disease or rheumatoid arthritis, inabil-
ity to walk household distances without the use of
a walking aid, or a score of less than 7 on the Short Por-
table Mental Status Questionnaire19. Radiographs from
participants with any inﬂammatory joint disease were ex-
cluded. All X-rays were taken by the same medical imag-
ing department using a Shimadzu UD150LRII 50 kW/
30 kHz Generator and 0.6/1.2 P18DE-80S high speed
X-ray tube from a ceiling suspended tube mount. AGFA
MD40 CR digital phosphor plates in a 24 cm 30 cm cas-
sette were used. For dorso-plantar projections, the X-ray
tube was angled 15 cephalad and centered at the
base of the third metatarsal. For lateral projections, thetube was angled 90 and centered at the base of the third
metatarsal. The ﬁlm focus distance was set at 100 cm for
both projections.
Three of the authors (HBM, SEM, KBL) assessed each of
the radiographs to select the most representative examples
for each of the categories, and an initial atlas was devel-
oped. A series of four sessions were then held in which
each of the three authors independently rated a set of radio-
graphs using the atlas, and where disagreements existed,
the radiograph in question was replaced with another
radiograph considered to be a better representation. This
process was repeated until consensus was achieved be-
tween the three authors as to which radiographs to use
for the atlas, and there was evidence of consistency of
the independent ratings. The ﬁnal atlas was then evaluated
by a rheumatologist (FMC).
Five joints were included in the ﬁnal atlas: the 1st MPJ,
the ﬁrst cuneo-metatarsal joint (1st CMJ), the second
cuneo-metatarsal joint (2nd CMJ), the navicular-ﬁrst cunei-
form joint (N1st CJ) and the talonavicular joint (TNJ). These
joints were selected as they are able to be clearly visualized
from dorso-plantar and lateral projections, and in our expe-
rience are the joints most commonly affected by OA. For
each joint, the presence of osteophytes was graded as ab-
sent (score¼ 0), small (score¼ 1), moderate (score¼ 2) or
severe (score¼ 3), and presence of joint space narrowing
was graded as none (score¼ 0), deﬁnite (score¼ 1),
severe (score¼ 2), or joint fusion at least one point
(score¼ 3). With the exception of the TNJ, both dorso-plan-
tar and lateral projections were used to assess osteophytes
and joint space narrowing. For the grading of TNJ osteo-
phytes, only the lateral projection was used, as osteophytes
most commonly develop on the dorsal aspect of this
joint, which is difﬁcult to visualize from a dorso-plantar
projection. No attempt was made to grade OA in the inter-
phalangeal joints, as visualizing these joints is extremely
difﬁcult in the presence of lesser toe deformities (e.g.,
hammertoes and clawtoes), which are highly prevalent in
older people17.Fig. 1. Atlas images for ﬁrst metatarso-phalangeal joint (dorsal) joint space narrowing.
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an Epson Perfection 4990 Photo scanner (Seiko Epson Cor-
poration, Nagano, Japan) and saved as Tagged Image File
Format (TIFF) ﬁles. Image contrast and brightness were
standardized across images using Adobe Photoshop Ele-
ments Version 5 for Windows (Adobe Systems Incorporated,
San Jose, California, USA). Atlas images for 1st MPJ joint
space narrowing (dorsal projection) are shown in Fig. I,
and the complete atlas is provided as Supplementary data.
RELIABILITY OF THE ATLAS
Fifty weightbearing dorso-plantar and lateral radiographs
were randomly selected from the sample of 212 older
people. All X-ray procedures were undertaken at the same
facility by experienced radiographers. The sample of 50 par-
ticipants selected comprised 16men and 34 women aged 64
to 88 years (mean 74.0, SD 5.8). Two examiners (HBM and
SEM) independently rated the radiographs using the atlas to
determine inter-examiner reliability, and repeated the pro-
cess 2 weeks later (without reference to previous ratings)
to determine intra-examiner reliability. Both examiners
were qualiﬁed podiatrists with several years of clinical ex-
perience in evaluating foot X-rays (14 and 8 years,
respectively).
STATISTICAL ANALYSIS
Intra- and inter-examiner reliability was determined using
absolute agreement in addition to weighted k, which is con-
sidered to be the most appropriate statistic to assess the
level of agreement between examiners when the measure-
ment scale is ordinal. In contrast to the ‘‘standard’’ k de-
scribed by Cohen20, the weighted k also takes into
account that the relative importance of disagreement be-
tween categories may not be the same for adjacent cate-
gories as it is for distant categories. For example, if one
examiner scored an osteophyte as a 3 while the other
scored it as a 2, the weighted k approach would consider
this to be less of an error compared to one examiner scoring
a 0 and the other scoring a 3. The following quadratic as-
signment of weights described by Fleiss21 was used:
wij ¼ 1 ði  jÞ
2
ðk  1Þ2
wherew represents the weighting, i is the number of the row,
j is the number of the column, and k is the total number of cat-
egories (in this case, four). The resultant weightings are
shown in Table I, using osteophyte grading as an example.
Because osteoarthritic changes are frequently unilateral,
both right and left feet were rated and considered indepen-
dent observations.
To determine the reliability of overall foot OA score (i.e.,
observations from all joints and views combined), intra-
class correlation coefﬁcients (ICCs) of the type (3,1) and
corresponding 95% conﬁdence intervals (CIs) were calcu-
lated for both intra- and inter-examiner comparisons.
Table I
Quadratic weighting of the k statistic
Absent (0) Small (1) Moderate (2) Severe (3)
Absent (0) 1.00 0.89 0.56 0
Small (1) 0.89 1.00 0.89 0.56
Moderate (2) 0.56 0.89 1.00 0.89
Severe (3) 0 0.56 0.89 1.00Results
INTRA-EXAMINER RELIABILITY
Reliability statistics for intra-examiner comparisons are
shown in Table II. Percentage agreement ranged from 86
to 99%. Weighted k ranged from 0.45 to 0.95, indicating
moderate to excellent levels of agreement. There were no
notable differences between the examiners, and the
reliability of observations was similar across joints, features
and radiographic projections. For the overall foot OA score,
the ICC was 0.83 (95% CI 0.75e0.88) for examiner 1 and
0.89 (95% CI 0.83e0.92) for examiner 2.
INTER-EXAMINER RELIABILITY
Reliability statistics for inter-examiner comparisons are
shown in Table III. Overall, inter-examiner reliability was
less than intra-examiner reliability. Percentage agreement
ranged from 72 to 97%. Weighted k ranged from 0.13 to
0.87, indicating slight to excellent levels of agreement. There
were no notable differences between the two measurement
sessions. Observations of 1st CMJ osteophytes (dorso-plan-
tar projection) and 2nd CMJ joint space narrowing (lateral pro-
jection) demonstrated the lowest levels of agreement. For the
overall foot OA score, the ICC was 0.72 (95% CI 0.61e0.80)
for session 1 and 0.74 (95% CI 0.64e0.82) for session 2.
When observations from the 2nd CMJ were excluded from
the overall score (due to its lower reliability), the ICCs were
very similar: 0.72 (95% CI 0.61e0.80) for session 1, and
0.73 (95% CI 0.63e0.81) for session 2.
Discussion
Epidemiological studies indicate that 20e30% of people
aged over 65 years report foot pain17,18,22e24, and approx-
imately 10% attribute foot pain to arthritis or joint impair-
ment23,25,26. However, few studies have assessed foot
OA using clearly deﬁned radiographic criteria. The Zoeter-
meer study15 of 6585 people conducted in the Netherlands
reported a 28% prevalence of OA in the 1st MPJ, an 8%
prevalence of OA in the lesser MPJs, and a 7% prevalence
of OA in the proximal interphalangeal joints in those aged
over 40 years, using a Kellgren and Lawrence score of 2
or above as the case deﬁnition. The Clearwater Osteoarthri-
tis Study16 used the same case deﬁnition and reported
a 20% prevalence of 1st MPJ OA in 3436 people aged
between 40 and 94 years. To the authors’ knowledge, no
studies have reported prevalence rates of radiographic
OA in other foot joints.
In designing the radiographic atlas of foot OA described
in this study, osteophytes and joint space narrowing were
considered separately, in order to avoid the over-reliance
of osteophytes in deﬁning OA. Indeed, our observations in-
dicated that while some joints (such as the 1st MPJ) develop
large osteophytes, others (such as the 1st CMJ) commonly
exhibit severe joint space narrowing in the absence of
osteophytes. It was also considered necessary to document
osteophytes and joint space narrowing from both the dorso-
plantar and lateral projections. While it could be argued that
the inclusion of both projections provides a degree of redun-
dancy, it was evident that the dorso-plantar projection pro-
vided the greatest clarity for some joints, whereas the
lateral projection was the most suitable for others. In severe
cases, osteophytes and joint space narrowing were evident
from both projections. When determining the overall foot OA
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Intra-examiner reliability
Joint Feature View Examiner 1 Examiner 2
% Agreement k Interpretation % Agreement k Interpretation
1st MPJ Osteophytes Dorso-plantar 95 0.80 Substantial 98 0.90 Excellent
Lateral 98 0.92 Excellent 99 0.95 Excellent
Joint space narrowing Dorso-plantar 96 0.76 Substantial 99 0.90 Excellent
Lateral 98 0.78 Substantial 98 0.85 Excellent
1st CMJ Osteophytes Dorso-plantar 96 0.55 Moderate 96 0.47 Moderate
Lateral 99 0.78 Substantial 96 0.81 Substantial
Joint space narrowing Dorso-plantar 95 0.52 Moderate 97 0.83 Excellent
Lateral 99 0.78 Substantial 96 0.81 Substantial
2nd CMJ Osteophytes Dorso-plantar 93 0.53 Moderate 97 0.82 Excellent
Lateral 96 0.85 Excellent 95 0.67 Substantial
Joint space narrowing Dorso-plantar 95 0.75 Substantial 94 0.68 Substantial
Lateral 93 0.66 Substantial 86 0.45 Moderate
N1st CJ Osteophytes Dorso-plantar 97 0.76 Substantial 98 0.77 Substantial
Lateral 94 0.74 Substantial 96 0.62 Substantial
Joint space narrowing Dorso-plantar 96 0.70 Substantial 99 0.90 Excellent
Lateral 94 0.58 Moderate 97 0.68 Substantial
TNJ Osteophytes Lateral 96 0.69 Substantial 98 0.82 Excellent
Joint space narrowing Dorso-plantar 93 0.56 Moderate 99 0.81 Excellent
Lateral 92 0.51 Moderate 98 0.78 Substantialscore, we considered it appropriate to simply sum all obser-
vations, as it is reasonable to suggest that OA features vis-
ible from both projections are of a greater severity (and
possibly greater clinical signiﬁcance) than those visible
from one projection only. However, application of the scale
to a larger dataset would help clarify the degree of redun-
dancy associated with overall scores formulated from multi-
ple views.
Overall, the reliability of observations using the atlas was
high, particularly for intra-examiner comparisons. The abso-
lute percentage agreement and weighted k are similar to
previously published reliability studies of OA in other lower
limb joints27. Consistent with all previous studies, however,
inter-examiner reliability was somewhat lower, despite thelevel of training for the two examiners being identical. This
suggests that there is some degree of inherent variability
in the interpretation of some aspects of the atlas. Based
on this observation, we concur with previous recommenda-
tions that, for research purposes, single examiners or con-
sensus grading should be used to document OA from X-
rays where possible7.
Observations of 1st CMJ osteophytes (dorso-plantar pro-
jection), 2nd CMJ osteophytes (dorso-plantar projection),
2nd CMJ joint space narrowing (lateral projection) and
N1st CJ joint space narrowing (lateral projection) demon-
strated the lowest inter-examiner k scores. The low score
for documenting joint space narrowing from the lateral pro-
jection of the 2nd CMJ is understandable, as grading thisTable III
Inter-examiner reliability
Joint Feature View Session 1 Session 2
% Agreement k Interpretation* % Agreement k Interpretation*
1st MPJ Osteophytes Dorso-plantar 93 0.64 Substantial 94 0.72 Substantial
Lateral 97 0.85 Excellent 97 0.87 Excellent
Joint space narrowing Dorso-plantar 95 0.64 Substantial 95 0.66 Substantial
Lateral 94 0.55 Moderate 95 0.60 Substantial
1st CMJ Osteophytes Dorso-plantar 94 0.33* Fair 94 0.33* Fair
Lateral 96 0.58 Moderate 93 0.65 Substantial
Joint space narrowing Dorso-plantar 94 0.60 Substantial 95 0.56 Moderate
Lateral 95 0.48 Moderate 93 0.41 Moderate
2nd CMJ Osteophytes Dorso-plantar 91 0.39* Fair 90 0.41* Moderate
Lateral 92 0.55 Moderate 92 0.59 Moderate
Joint space narrowing Dorso-plantar 95 0.74 Substantial 90 0.45 Moderate
Lateral 72 0.13 Slight 80 0.34 Fair
N1st CJ Osteophytes Dorso-plantar 96 0.56 Moderate 95 0.52 Moderate
Lateral 91 0.40 Moderate 86 0.36 Fair
Joint space narrowing Dorso-plantar 95 0.55 Moderate 95 0.64 Substantial
Lateral 91 0.32* Fair 93 0.49* Moderate
TNJ Osteophytes Lateral 94 0.51 Moderate 96 0.69 Substantial
Joint space narrowing Dorso-plantar 92 0.45 Moderate 96 0.49 Moderate
Lateral 97 0.57 Moderate 96 0.53 Moderate
*Indicates high-agreement-low k paradox due to low prevalence of some scores.
1337Osteoarthritis and Cartilage Vol. 15, No. 11joint is inherently difﬁcult due to the superimposition of the
medial cuneiform. The low k scores for observations of 1st
CMJ osteophytes (dorso-plantar projection), 2nd CMJ osteo-
phytes (dorso-plantar projection) and N1st CJ joint space
narrowing (lateral projection), however, are likely to be a re-
sult of the high agreement-low k paradox28. This statistical
aberration arises when some scores are under-represented
within the sample, so despite high levels of absolute agree-
ment, the calculated k is low. For each of the observations
mentioned above, there were very few severe/joint fusion
(score¼ 3) cases. In these situations, the absolute percent-
age agreement statistic provides a more accurate indicator
of the actual level of concordance between examiners (for
these observations, the percentage agreement ranged
from 90 to 94%).
The application and interpretation of scores derived from
the atlas will necessarily vary according to the objectives of
the study. In some situations, individual joint scores will be
required, while in others, the overall score may be of greater
relevance2,3. However, for the purpose of reporting the
prevalence of foot OA, we propose the following case deﬁ-
nition: for each joint, radiographic OA can be considered to
be present if a score of 2 or above is documented for either
osteophytes or joint space narrowing, from either the dorso-
plantar or lateral projection. We believe that this deﬁnition is
appropriate, as it reﬂects the commonly applied case deﬁni-
tion of the 2þ Kellgren and Lawrence grading4, and places
equal emphasis on the two radiographic views and on
observations of osteophytes and joint space narrowing.
The major limitation of our atlas is that it is limited to im-
ages obtained from dorso-plantar and lateral radiographs,
which are the most commonly requested projections in clin-
ical practice and research studies. This is an improvement
on previous approaches which have focused on a single
foot joint (the 1st MPJ) using a single radiographic view16.
However, it is acknowledged that visualization of other
joints of the foot, such as the ﬁrst metatarsal-sesamoid ar-
ticulations and the subtalar joint, would require additional
radiographic views to be obtained, and that the reliability
of assessing the 2nd CMJ may have been greater if an ob-
lique projection had been used. It is also acknowledged that
variations in arch height may inﬂuence the visualization of
some joints when using a standardized projection, however,
altering the angle of the X-ray beam to account for individual
variations in arch height is not practical and could poten-
tially introduce additional error into the procedure.
Large-scale epidemiological studies are now required to
determine the prevalence of foot OA, and to examine the
relationships between radiographic features and joint
symptoms. As with knee and hip OA, it is likely that radio-
graphic changes in certain foot joints will be more strongly
correlated with symptoms than others, which may necessi-
tate further development and reﬁnement of the original at-
las. Nevertheless, the atlas presented here will assist
clinicians and researchers in identifying and grading char-
acteristic features of OA affecting the foot. Potential appli-
cations for the atlas include establishing the prevalence
of foot OA, assessing OA progression, and grading OA se-
verity to inform clinical management decisions.
Conclusion
An atlas of radiographic features of OA in commonly
affected joints of the foot based on observations of osteo-
phytes and joint space narrowing has been presented.
The atlas exhibits acceptable reliability, and can be used
to document features in individual joints or to calculatea global foot OA score. The use of this atlas will help stan-
dardize the documentation and interpretation of foot OA for
epidemiological studies and clinical trials.
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